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Time (rain) from the beginning of 0 30 60 90 120 
the perfusion 

Hepatic perfusate flow (ml/g liver/rain) 
pO 2 (mmHg) 
pCO 2 (mmHg) 
pH 

Oxygen transport 
ml/g liver/h 
~xmol/g Iiver/min 

2.1 ~- 0.4 2.1 j= 0.4 2.1 -E 0.4 2.0 =h 0.4 
226 n~ 45 123 i 46 125 _~ 48 132 :i: 40 145 -t- 40 

18 nL 6 22 -- 6 23 + 7 23 4- 7 22 _u 7 
7.44 • 0.1 7.29 • 0.07 7.23 ~ 0.09 7.19 4- 0.08 7.16-b 0.10 

6.3 6.3 6.3 6.0 
4.7 4.7 4.7 4.5 

Values represent means • SD of 40 perfusions. 

be r  s topper .  The  in le t  ends  of t he  cap i l l a ry  t ubes  were 
connec t ed  to t he  needles,  t he  o u t l e t  ends  were left  free. 
A smal l  overpressure  for  t he  gas f low t h r o u g h  t he  cap i l la ry  
t ubes  was necessa ry  a n d  t he  r u b b e r  s toppe r  worked  as a n  
escape valve ,  f ly ing off if t h e  gas flow was h indered .  The  
t o t a l  gas flow t h r o u g h  t he  two cap i l l a ry  t ubes  was 5 0 - 6 0  
ml /min .  

I n  o the r  respects  t h e  per fus ion  s y s t e m  was a modif ica-  
t i on  of t he  genera l  pr inc ip les  and  a p p a r a t u s  p r e sen t ed  b y  
SEGL~N a n d  J~RVELL 4. A t o t a l  pe r fusa te  v o l u m e  of 50 ml  
was employed,  cons i s t ing  of 12 ml  hepa r in i zed  f resh r a t  
blood,  38 ml  K r e b s - R i n g e r  b i c a r b o n a t e  buf fe r  solut ion,  
50 m g  D-glucose a n d  1.25 g b o v i n e  s e rum a l b u m i n  
( f rac t ion V, A r m o u r  P h a r m a c e u t i c a l  Co., E a s t b o r n e ) .  
H e m o g l o b i n  level  of t he  per fus ion  m e d i u m  was a b o u t  
35 g/1. The  per fus ion  pressure  was 16-17 cm H~O a n d  
the  t e m p e r a t u r e  37~ T he  p u m p  flow r a t e  was  a b o u t  
twice  t he  ac tua l  hepa t i c  pe r fus ion  flow. p Q ,  pCO 2 a n d  
p H  were m e a s u r e d  b y  a m i c r o m e t h o d  (Combi-Analyser ,  
L. Eschwei ler ,  Kiel, w i t h  e lec t rodes  E a k l  for O s ,  E a k 2  
for CO s, a n d  E a k 3  for pH) .  

I n  t h e  Tab le  are p r e sen t ed  pOs, pCO2, p H  a n d  oxygen  
t r a n s p o r t  va lues  of t he  pe r fus ion  m e d i u m  a t  t he  in le t  
side of t he  liver,  a n d  t he  hepa t i c  pe r fn sa t e  flow ra te s  of 
40 perfusions ,  o x y g e n a t e d  b y  m e a n s  of t he  Silast ic  capil-  
l a ry  t ub ing .  One 4-m l e n g t h  of t he  t u b i n g  was no t  suf- 
f ic ient  for t h e  oxygena t ion .  W i t h  two  4-m leng ths  of t he  
t u b i n g  t h e  m e d i u m  o b t a i n e d  enough  oxygen to supp ly  
t he  oxygen  c o n s u m p t i o n  of t he  liver.  T a k i n g  in to  a c c o u n t  
t he  h epa t i c  pe r fusa t e  flow ra te ,  h e m o g l o b i n  level  of t he  
m e d i u m  a n d  a s suming  oxygen  so lub i l i ty  to  be  0.3 ml /100 

m l ,  h e m o g l o b i n  to b i n d  1.34 ml  O~/g, a n  oxygen  t r a n s p o r t  
va lue  of a b o u t  4.7 ~mol /g  l iver / ra in  (6.3 ml /g  l iver/h)  b y  
t he  per fus ion  med ium ,  could be  ca lcula ted .  Th i s  exceeds  
t he  r epo r t ed  oxygen  c o n s u m p t i o n  va lues  p r e sen t ed  b y  
m a n y  a u t h o r s  ~. BRAUER et  al. 6 h a v e  found  t h a t  t h e  

oxygen  c o n s u m p t i o n  of the  r a t  l iver  u n d e r  physio logica l  
cond i t ions  was 7.8 m l / g / h  a n d  in an  e r y t h r o c y t e  free 
pe r fusa t e  close to  2.0 ml /g /h .  I nc rea s ing  t he  n u m b e r  of 
t u b i n g s  enlarges  the  gas exchange  surface  a n d  raises t he  
oxygen  t ens ion  in t he  per fus ion  med ium,  t h u s  increas ing  
t he  d a n g e r  of b u b b l e  f o r m a t i o n  a n d  changes  in hepa t i c  
t i ssue  7. H i g h e r  h e m o g l o b i n  level in t he  per fus ion  m e d i u m  
increases  oxygen  t r a n s p o r t ,  b u t  m a k e s  t he  per fus ion  
m e d i u m  more  expensive .  CO s r e t e n t i o n  did  no t  occur. 
The  p H  decreased  in t he  course of perfusions,  as i t  does 
w h e n  no  special  measures  are t a k e n  to con t ro l  p H  s. 

W e  feel t h a t  th i s  m e t h o d  is v e r y  useful  in  all k inds  of 
i sola ted o rgan  per fus ions  where  a s imple  m e m b r a n e  
o x y g e n a t o r  is needed.  The  s y s t e m  is easy  to assemble ,  
use a n d  sterilize. Our  exper ience  is t h a t  Sitast ic  cap i l l a ry  
t u b i n g  is du rab l e  a n d  re -usab le  for t ens  of perfusions.  
Because  i t  does n o t  easi ly  kink,  i t  m a y  be  inse r t ed  in to  
t ubes  c o n n e c t i n g  d i f fe ren t  un i t s  in  o rgan  perfusions,  a n d  
t he  need  for  a s epa ra t e  o x y g e n a t o r  is e l imina ted .  
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A New Synthesis of Benzoyl Phosphate: A Substrate for Acyl Phosphatase Assay 1 

G. CAMICI, G. MANAO, G. CAPPUOI a n d  G. RAMPONI 

Institute o/ Biological Chemistry, University o/ Florence, Viale Morgagni, 50, 1-5013d Firenze (Italy), 70 September 1975. 

Summary. A new m e t h o d  for t h e  syn thes i s  of benzoy l  p h o s p h a t e  was repor ted .  The  a d v a n t a g e s  are :  1. more  r ap id  
p rocedure ;  2. lower cos t ;  3. h ighe r  yield. 

Benzoyl phosphate has been shown to be a very useful 
substrate for the determination of acyl phosphatase 
activity. In fact it was shown that UV-absorption 
spectrum of benzoyl phosphate in the 220-300 nm region 
differs markedly from that of its hydrolysis product, i.e. 
benzoate and inorganic phosphate. This difference has 
been used by our and other laboratories s-4 to make a 
continuous optical test for acyl phosphatase. Benzoyl 

I This work was supported by grants from the Italian Consiglio 
Nazionale delle Rieerche and from the Ministero della Pubblica 
Istruzione. 
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Biophys. 175, 129 (1966). 
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Analytical data from benzoyl phosphate preparation 

Calculated for Found (%) 
C6H s �9 CO0 �9 POaLi 2 (%) 

Hydrogen 2.35 2.64 
Carbon 39.29 39.31 
Lithium 6.48 6.44 
Total P 14.48 15.00 
Free P 0.4 
Carboxyl phosphate ~ 99.6 
Carboxyl phosphate b 101.9 

,Hydroxylamine-ferric chloride method 5. bEnzymatic method 
using aeyl phosphatase. 

p h o s p h a t e  ha s  been  syn thes ized  p rev ious ly  as follows: 
1. r eac t ion  be tween  monos i lve r  p h o s p h a t e  and  benzoy l  
ch lor ide ;  2. i sola t ion of s i lver  sa l t  of benzoy l  phosphor i c  
acid;  3. convers ion  in to  l i t h i u m  sa l t ;  4. pu r i f i ca t ion  of 
l i t h ium benzoy l  phospha te �9  In  t he  p r e s en t  work,  a s imple  
and  rap id  m e t h o d  for benzoy l  p h o s p h a t e  syn thes i s  is 
repor ted .  
�9 Mater ials  a n d  methods. Benzoy l  p h o s p h a t e  synthes is .  

This  p r o d u c t  was  p r e p a r e d  as follows: 120 ml  of water ,  
76 ml  of pyr id ine ,  and  40 ml  of 1 M K~HPO 4 (40 mmol)  
were mixed.  20 g (90 mmol)  of benzoic  a n h y d r i d e  was 
added  w i t h  s t i r r ing  to  t he  above  solut ion.  The  reac t ion  
was car r ied  ou t  a t  r oom t e m p e r a t u r e  un t i l  benzoic  an-  
h y d r i d e  was comple te ly  dissolved (for a b o u t  10 min) .  
T h e n  140 ml  of 1 M L i O H  were added  and  t he  m i x t u r e  
was poured  in to  2.4 1 of cold e thanol ,  w i t h  st irr ing�9 Af te r  
30 ra in  a t  --20 ~ the  p rec ip i t a t e  was col lected b y  centr i f -  
uga t ion ,  w a s h e d  w i t h  cold e t hano l  and  t h e n  w i t h  cold 
e ther .  The  p r o d u c t  was  lef t  to  d r y  oVernight  u n d e r  vacu-  
um.  5.6 g of p r o d u c t  was  ob ta ined ,  c o n t a i n i n g  73.5% of 
benzoy l  p h o s p h a t e .  

Pur i f ica t ion .  A 2% so lu t ion  of t he  p r o d u c t  in cold 
w a t e r  was  a d j u s t e d  to  p H  6 w i t h  acet ic  acid. T he  un-  
dissolved m a t e r i a l  was  discarded�9 T h e n  0.37 vo lumes  of 
cold e t h a n o l  w e r e  s lowly added  w i t h  s t i r r ing.  The  sus- 
pens ion  was k e p t  a t  - -20 ~ for 30 rain,  t h e n  t he  p rec ip i t a t e  
was col lected b y  cen t r i f uga t i on  a n d  w a s h e d  w i t h  cold 
e t h a n o l  a n d  ether .  T he  p r o d u c t  was a b o u t  95% pure.  

The  analyses  descr ibed  below were car r ied  ou t  on  a 
p r o d u c t  which  has  been  f u r t h e r  pur i f ied  b y  t he  same  

procedure �9  A n a l y t i c a l  me thods .  H y d r o g e n  and  carbon .  
The  H a n d  C c o n t e n t  was  d e t e r m i n e d  b y  us ing  a mod.  
Cana l -Terzano  a p p a r a t u s .  Ca rboxy l  p h o s p h a t e .  The  
d e t e r m i n a t i o n  of c a rboxy l  p h o s p h a t e  was car r ied  o u t  b y  
1. t h e  hyd roxy l amine - f e r r i c  chlor ide  m e t h o d  accord ing  to  
LIPMANN a n d  TUTTLE 5. As a reference  s t a n d a r d  benzoic  
a n h y d r i d e  was used. 2. B y  a n  e n z y m a t i c  me thod .  Fo r  
t h i s  purpose  we m e a s u r e d  t h e  e x t i n c t i o n  change  of a 
so lu t ion  of t h e  p r o d u c t  wh ich  was h y d r o l y z e d  comple t e ly  
b y  us ing  a smal l  a m o u n t  of horse  muscle  acyl  p h o s p h a t a s e .  
A n  e x t i n c t i o n  change  coeff icient  a t  283 n m  of 0.630 m M  -1 
ern -1 was used s. Ino rgan ic  p h o s p h a t e  d e t e r m i n a t i o n .  The  
t o t a l  p h o s p h a t e  c o n t e n t  was d e t e r m i n e d  b y  t he  m e t h o d  
of FISKE and  SUBBAROW6. The  p r o d u c t  was f i rs t  h y d r o -  
lyzed w i t h  5 N H2SO 4 a t  100 ~ for 30 rnin. Free  p h o s p h a t e  
was d e t e r m i n e d  b y  t h e  m e t h o d  of B a g i n s k y  e t  al.L 

L i t h i u m  con ten t .  The  d e t e r m i n a t i o n  was car r ied  ou t  
b y  f lame emiss ion  s p e c t r o p h o t o m e t r y  us ing  a B e c k m a n  
D K - 1 A  appa ra tu s ,  a t  670.8 nrn. U V - s p e c t r a  were o b t a i n e d  
us ing  a B e c k m a n  D I ( - 1 A  record ing  s p e c t r o p h o t o m e t e r ;  
I R - s p e c t r a  b y  a P e r k i n - E l m e r  mod.  457 a p p a r a t u s .  

Results  and discussion. In  t he  Tab le  t he  a n a l y t i c a l  
d a t a  o b t a i n e d  for our  benzoy l  p h o s p h a t e  p r e p a r a t i o n  are 
repor ted�9  F r o m  these  d a t a  can  be  conc luded  t h a t  t he  
p r e p a r a t i o n  is > 98% pure .  

As regards  U V - s p e c t r a  (pH 5.3), t he  fol lowing d a t a  h a v e  
been  o b t a i n e d :  before hydro lys i s  : a b s o r p t i o n  m a x i m a  
a t  232 and  274 n m ;  shou lde r  a t  283 n m ;  a f t e r  hydro lys i s :  
a b s o r p t i o n  m a x i m a  a t  224 a n d  267 n m ;  shou lde r  a t  262 
a n d  276 n m  as expec t ed  ~,3. I R - s p e c t r u m  of d i l i t h i u m  
benzoy l  p h o s p h a t e  shows a b a n d  a t  1025 cm -1 t h a t  ha s  
been  a t t r i b u t e d  to  a P-O-C(alkyl)  b o n d  s ( the b o n d  
fo rmed  b y  t he  synthesis) �9  I t  can  also be n o t e d  1. a C = O  
b a n d  a t  1700 cm -1, 2. a P = O  b a n d  a t  1340 cm -~, 3. t h e  
absence  of b a n d s  in t he  r ange  2500-2700 cm -~, wh ich  
conf i rms  t h e  absence  of free - - O H  groups  as expec t ed  for 
t he  s t r u c t u r e  of d i l i t h ium benzoy l  p h o s p h a t e .  The  p r o d u c t  
o b t a i n e d  a f t e r  one pur i f i ca t ion  s tep  is pu re  e n o u g h  to  be  
used as s u b s t r a t e  for acyl  p h o s p h a t a s e  assay. 

5 F. LIPMANN and L, C. TUTTLE, J. biol. Chem. 753, 571 (1944). 
6 C. H. FISKE and Y. SUBBAROW, J. biol. Chem. 66, 375 (1925). 

E. S. BAGI~SKY, P. P. FOA and B. ZAK, Clin. chim. Acta 75, 155 
(1967). 

8 W. OTTING, in Spektrale Zuordnungstafel der In]rarot-Absorptions- 
banden (Springer-Verlag, Berlin 1963), p. 15. 

C O N G R E S S U S  CORRIGENDUM 

The Nether lands  
E u c h e m  Conference 'Molten Salts'  1976 

in  Noordwi]kerhout,  29 A u g u s t  to 3 September 7976 

F u r t h e r  i n f o r m a t i o n  by :  Prof.  Dr.  J. A. A. Kete laar ,  
C h a i r m a n  organ iz ing  Commi t t ee ,  L a b o r a t o r y  for E lec t ro -  
chemis t ry ,  v a n ' t  Hoff  I n s t i t u t e ,  Nieuwe A c h t e r g r a c h t  166, 
Ams te rdam,  The  Ne the r l ands �9  

P. PAGUIA, P. MASN~R, K.-H. TRAUTMANN and A. SCHU- 
LER: Juveni le  Hormone Active Principle  in  At tacus  atlas 
L., E x p e r i e n t i a  32, 122 (1976). The  fo rmulae  on page 122 
should  r ead  cor rec t ly  as follows: 

R R' 0 
I r II 

O :: OMe 
H 


